In this paper, an algorithm is proposed to calculate the occlusion angle range of the ship in navigation when using satellite communication. This method can quickly calculate the angle of the satellite communication occlusion according to the ship's position, satellite's height, longitude and latitude. According the occlusion angle range, the manager could judge the reason of satellite communication disconnection.
INTRODUCTION
In order to solve the problem of mast occlusion, double antenna or array antenna can be used in [1, 2] . Because of the economic cost and ship design reason, in many cases, single antenna can only be installed. In 2016, Song Ruping [4] proposed a method of calculating ship occlusion based on the Mercator projection [3] , but the method does not take into account the height, width of the mast and the distance between the mast and the antenna, so the error is larger. In 2000, Glazunov proposed a method [5] , to calculate the influence of wireless communication through building modeling, but this method is not applicable to the shielding calculation of ship mast in satellite communication. In 2006, Park proposed a method of adjusting the antenna to the star based on signal detection, [6] , but this method could not solve the problem of mast occlusion. 
FORMALIZATION OF THE OCCLUSION
The problem of ship mast occlusion can be transformed into the geometric computation problem of three-dimensional coordinates. We suppose the earth is a plane, as shown in Figure 1 . According to the conditions 1-3, the right angle coordinate system is established at the center of B point.
For M is the position of the satellite, the BC is the height of the mast, and the BN is the shadow formed by the BC of the M's beam. N is the projection point of the mast.
When the ship is sailing, the antenna will be shielded if the antenna is in the BN.
Suppose B point is used as the head of the ship. If the ship moves towards the M point's longitude and latitude, if the length of the shadow is not considered, the antenna may be blocked. The angle of the ship's navigation is the azimuth of the satellite M relative to the B point. The problem is converted to finding the azimuth of the M point relative to the B point.
The occlusion calculation coordinate system is set up, as shown in Figure 2 , and the definition is as follows. The plane of equator is perpendicular to the meridian circle of B point.
Inference 4. BDP plane intersects the equatorial plane at DP.
According to inference 1-4, because two intersecting planes are perpendicular to third planes.
Their intersecting lines are bound to be perpendicular to the third plane. So DP is perpendicular to BD and DP is perpendicular to OD. The formula is calculated as follows.
Step 1. tan(wB) = 
;
Step 6. DP = R*sec(wB)*tan(AB);
Step 7. tan(C1) = Formula (1) Step 8. C1 = arc tan tan(AB) sin(wB)
Formula (2) According to the formula (2), C1 is the azimuth angle of the projection line of the satellite beam relative to the B point, that is, the ship navigating at this angle mast may obscure the antenna.
OCCLUSION CALCULATION
We need azimuth for occlusion calculation, while we need to calculate mast shadow, as shown in Figure 3 . According to inference 1-2, we know that EF is perpendicular to OD, that is triangle BOE, triangle OEF and triangle BOF are all right triangle.
The calculation process is as follows.
Step 1. OE = R * cos(wB)
Step 2. OF = OE * cos(AB) = R*cos(wB)*cos(AB)
Step 3. cos(OA)= OF OB = cos(wB) * cos(AB) Formula (6).
The combined formula (1) -(6) can be calculated as the following conclusion.
Step 4. tan(C2)= Step
Formula (8).
In formula 8, the height of BC is about10 −4 percent of the height of BM1, so it can be ignored, and
Step 6. BN=
BC tan(C2)
Formula (10).
According to formula 10, the occluded heading angle can be calculated.
Step 7. C1 = arctan tan(AB) sin(wB)
Formula (11).
ALGORITHM IMPLEMENTATION AND COMPARISON
According to satellite height, satellite latitude and longitude, ship position, height and width of mast, distance between mast and antenna, and azimuth of ship course, we can judge whether satellite communication is occlusion, and we can calculate the angle range of satellite communication occlusion.
The conditions calculating the occluding angle in the paper [4] are as follows. Since the earth is a sphere, two points on the earth have crossed a certain degree of arc, and it is impossible to be on the same plane. The angle of the projection line formed by the beam in the ground plane relative to the position of the ship cannot be equal to the direction angle between the two points.
SUMMARY
In this paper, a method of occlusion angle calculation is proposed in ship navigation when using satellite communication. Through this method, the occlusion problem can be judged and the occluded heading angle can be calculated. By adjusting the heading angle, the occlusion can be avoided. When the ship is sailing in the occlusion path, the heading angle can be adjusted to avoid occlusion.
